We examined whether an early-life event -ethanol exposure in the initial stages of 21 pregnancy -affected offspring brain structure, energy metabolism and body composition in 22 later life. Consumption of 10% (v/v) ethanol by inbred C57BL/6J female mice from 0.5 to 8.5 23 days post coitum was used to model alcohol exposure during the first 3-4 weeks of gestation 24 in humans, when pregnancy is not typically recognized. At adolescence (postnatal day (P) 28) 25 and adulthood (P64), the brains of male offspring were scanned ex vivo using ultra-high field 26 (16.4 Tesla) magnetic resonance imaging and diffusion tensor imaging. Energy metabolism 27 and body composition were measured in adulthood by indirect calorimetry and dual-energy 28 X-ray absorptiometry (DXA), respectively. Ethanol exposure had no substantial impact on 29 white matter organization in the anterior commissure, corpus callosum, hippocampal 30 commissure, internal capsule, optic tract or thalamus. Whole brain volume and the volumes 31 of the neocortex, cerebellum and caudate putamen were also unaffected. Subtle, but non-32 significant, effects were observed on the hippocampus and the hypothalamus in adult ethanol-33 exposed male offspring. Ethanol exposure was additionally associated with a trend towards 34 decreased oxygen consumption, carbon dioxide production and reduced daily energy 35 expenditure as well as significantly increased adiposity, albeit with normal body weight and 36 food intake, in adult male offspring. In summary, ethanol exposure restricted to early 37 gestation had subtle long-term effects on the structure of specific brain regions in male 38 offspring. The sensitivity of the hippocampus to ethanol-induced damage is reminiscent of 39 that reported by other studies -despite differences in the level, timing and duration of 40 exposure -and likely contributes to the cognitive impairment which characteristically 41 results from prenatal ethanol exposure. The hypothalamus plays an important role in 42 regulating metabolism and energy homeostasis. Our finding of altered daily energy 43 expenditure and adiposity in adult ethanol-exposed males is consistent the idea that central 44 M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 3 nervous system abnormalities also underpin some of the metabolic phenotypes associated 45 with ethanol exposure in pregnancy. 46 47 Keywords 48 prenatal, alcohol, brain structure, energy metabolism, body composition 49 50 51 Adverse early-life environmental exposures such as gestational undernutrition, overnutrition 52 and diabetes mellitus have been shown to increase susceptibility to obesity and its related 53 diseases in later life (Curhan et al.
Development Core Team, 2010) or GraphPad Prism 6. The Student's t-test was used to 145 analyse differences between treatment groups (ethanol-exposed and control) for maternal 146 liquid consumption and weight gain over the 8-day exposure period, litter size at weaning and 147 offspring brain structure. Adjustment for multiple testing used the Holm-Sidak method. Two-148 way ANOVAs with a Tukey's multiple comparison post hoc test were used to analyse the 149 effects of sex, treatment and the interaction of sex and treatment on offspring body weight, 150 body composition, food and water intake and energy metabolism. 153 As in our previous studies (Kaminen-Ahola, Ahola, Maga, et al., 2010; Zhang et al., 2015) , 154 there was no effect of ethanol treatment on the average volume of liquid consumed per day 155 by pregnant dams, maternal body weight gain during the exposure period (0.5 to 8.5 dpc) or (Table 1) . Volumetric analysis of hippocampal subfields in adult males, including 169 the dentate gyrus and cornu ammonis (CA) 1-2 and 3 regions, found no significant 170 differences between treatment groups, suggesting that the reduction in overall hippocampal 171 volume was not caused by a change in any one specific subregion (Supplementary Figure S1   172 and Table 2 ). 173 DTI analysis of white matter microstructure in adolescent and adult male offspring 174 exposed to ethanol in utero 175 The anterior commissure, corpus callosum, hippocampal commissure, internal capsule, optic 176 tract, and thalamus were analysed by DTI. Comparisons were made between treatment 177 groups for fractional anisotropy as well as fibre tract number, volume and length. At P28 a 178 reduction in fibre tract length was observed in the hippocampal commissure of ethanol-179 exposed mice (unadjusted P<0.05) however this resolved by adulthood (Tables 3 and 4 ).
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Results
152
Consumption of 10% (v/v) ethanol by C57BL/6J female mice
180
None of the other regions analysed were altered at either P28 or P64 indicating that white 181 matter integrity and connectivity were not substantially affected by ethanol exposure early in 182 pregnancy.
183
Ethanol exposure early in pregnancy is associated with changes in energy metabolism and
184 body composition in adulthood 185 Body weight and body composition were measured in both male and female offspring of 186 ethanol-exposed and control dams at 12 weeks of age ( Figure 2 and Figure 3 ). Energy intake 187 and expenditure were measured in littermates at 21-26 weeks of age ( Figure 4 and Figure 5 ).
188
There was an effect of sex on body weight (F(1,92)=547.8, P<0.0001), lean mass ± 0.5 g, ethanol-exposed = 3.5 ± 0.4 g) fat mass compared to control males (treatment 194 F(1,49)=4.7, P<0.05; treatment x sex interaction F(1,49)=5.1, P<0.05, Figure 2c ).
195
Furthermore, the increased adiposity in ethanol-exposed males resulted in percentage fat 196 levels (~14%) similar to that of female offspring (Figure 2d ). Prenatal ethanol exposure had 197 no effect on bone mineral content, bone area or bone mineral density in either sex, although 198 there was a significant effect of sex on bone mineral content and bone area ( Figure 3 ).
199
Metabolic phenotyping by indirect calorimetry revealed significant differences in oxygen 200 consumption (VO 2 ; sex F(1,37)=18.9, P<0.001, treatment F(1,37)=9.6, P<0.01), carbon 201 dioxide production (VCO 2 ; sex F(1,37)=12.9, P<0.001, treatment F(1,37)=6.4, P<0.05) and 202 daily energy expenditure (sex F(1,37)=11.08, P<0.01, treatment F(1,37)=4.9, P<0.05) by sex 203 and by treatment group (Figure 4a , b and d, respectively). Moreover, ethanol-exposed males 204 tended to have lower oxygen consumption (9.1%, adjusted P=0.10), carbon dioxide 205 production (8.8%, adjusted P=0.16) and daily energy expenditure (7.9%, adjusted P=0.11) 206 compared to sex-and age-matched controls (Figure 4a , b and d, respectively). There was no 207 effect of sex or treatment on offspring respiratory exchange ratio (RER, Figure 4c ). In 208 addition, ethanol exposure did not significantly affect food or water intake in offspring of 209 either sex ( Figure 5 ) although there was an effect of light cycle on these measures (male 210 water intake: F(1,34)=410.9, P<0.0001; female water intake: F(1,40)=98.7, P<0.0001; male 211 food intake: F(1,34)=391.7, P<0.0001; female food intake: F(1,40)=131.0, P<0.0001). Cao and colleagues used quantitative susceptibility mapping to identify abnormalities in the 244 anterior commissure, hippocampal commissure and corpus callosum in mice at P45 245 (equivalent to 10-12 years in humans) after high dose exposure at GD7; however, analysis of 246 the same midline structures using DTI failed to identify any differences between the ethanol-247 exposed and control mice (Cao et al., 2014) .
248
Maternal consumption of 10% (v/v) ethanol likely results in lower blood alcohol 249 concentrations than two intraperitoneal injections (4 hours apart) of 23-25% (v/v) ethanol at 250 2.8-2.9 g/kg, as used in the acute high dose studies, and is expected to be closer to a 251 moderate exposure (Allan, Chynoweth, Tyler, & Caldwell, 2003) . In contrast to studies using 252 acute high dose exposures, we found that most grey and white matter structures were either 253 consistently unaffected by early gestational ethanol exposure, or exhibited transient changes 254 in adolescence which were resolved by adulthood. At P64 (9 weeks of age), when brain 255 development is complete, we identified disproportionate volumetric changes in both the 256 hippocampus and the hypothalamus; however, the differences were not statistically 257 significant following correction for multiple comparisons, possibly due to the small 258 magnitude of the changes involved (~4%). The lack of significant white matter changes in 259 adult mice suggests that these structures are not susceptible to the type of exposure used in 260 this study; however, we cannot exclude the possibility that DTI may not be sensitive enough 261 to detect subtle changes (Cao et al., 2014) .
262
The hippocampus is known to be particularly sensitive to intrauterine alcohol exposure adult ethanol-exposed offspring of both sexes, but tending to be stronger in males. The 299 decrease in energy expenditure could be due to primary perturbations in basal metabolic rate, 300 thermoregulation and/or physical activity; however, further work is required to determine 301 whether one or all of these factors are involved. Further work is also necessary to discern 302 whether the increased adiposity in ethanol-exposed males is a cause or consequence of their 303 altered energy balance.
304
There is increasing evidence for sex-specific responses to a variety of adverse environmental lending support to the idea that similar modifications could occur in tissues (e.g. 315 hypothalamus, adipose tissue) relevant to the phenotype described here.
316
In summary, our ultra-high field MRI study indicates that ethanol exposure early in 317 pregnancy has limited effects on long-term brain structure in male mice, with only subtle 
Hippocampal subfield
Relative Volume a P-value Control Ethanol-exposed Dentate gyrus 0.0119 ± 0.00121 0.0116 ± 0.000506 0.47 CA1 and CA2 0.0265 ± 0.00206 0.0265 ± 0.00159 1.00 CA3 0.00362 ± 0.00118 0.00382 ± 0.000929 0.67 a Mean±SD. All volumes were normalised to whole brain volume. 
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